Multi-center MRI studies can enhance power, generalizability, and discovery for clinical neuroimaging research in brain disorders. Here, we sought to establish the utility of a clustering algorithm as an alternative to more traditional intra-class correlation coefficient approaches in a longitudinal multi-center human phantom study. We completed annual reliability scans on 'travelling human phantoms'. Acquisitions across sites were harmonized prospectively. Twenty-seven MRI sessions were available across four participants, scanned on five scanners, across three years. For each scan, three metrics were extracted: cortical thickness (CT), white matter fractional anisotropy (FA), and resting state functional connectivity (FC). For each metric, hierarchical clustering (Ward's method) was performed. The cluster solutions were compared to participant and scanner using the adjusted Rand index (ARI). For all metrics, data clustered by participant rather than by scanner (ARI > 0.8 comparing clusters to participants, ARI < 0.2 comparing clusters to scanners). These results demonstrate that hierarchical clustering can reliably identify structural and functional scans from different participants imaged on different scanners across time. With increasing interest in data-driven approaches in psychiatric and neurologic brain imaging studies, our findings provide a framework for multi-center analytic approaches aiming to identify subgroups of participants based on brain structure or function.
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A B S T R A C T
Multi-center MRI studies can enhance power, generalizability, and discovery for clinical neuroimaging research in brain disorders. Here, we sought to establish the utility of a clustering algorithm as an alternative to more traditional intra-class correlation coefficient approaches in a longitudinal multi-center human phantom study. We completed annual reliability scans on 'travelling human phantoms'. Acquisitions across sites were harmonized prospectively. Twenty-seven MRI sessions were available across four participants, scanned on five scanners, across three years. For each scan, three metrics were extracted: cortical thickness (CT), white matter fractional anisotropy (FA), and resting state functional connectivity (FC). For each metric, hierarchical clustering (Ward's method) was performed. The cluster solutions were compared to participant and scanner using the adjusted Rand index (ARI). For all metrics, data clustered by participant rather than by scanner (ARI > 0.8 comparing clusters to participants, ARI < 0.2 comparing clusters to scanners). These results demonstrate that hierarchical clustering can reliably identify structural and functional scans from different participants imaged on different scanners across time. With increasing interest in data-driven approaches in psychiatric and neurologic brain imaging studies, our findings provide a framework for multi-center analytic approaches aiming to identify subgroups of participants based on brain structure or function.
Introduction
The collaborative NIMH-funded multi-center study, 'Social Processes Initiative in Neurobiology of the Schizophrenia(s)' (SPINS) aims to identify neural circuitry related to social cognitive impairments in nearly 500 people who are healthy or who have a schizophrenia spectrum disorder (SSD). This study is being conducted as a part of the NIMH's Research Domain Criteria (RDoC) initiative. SSDs have been associated with changes across several structural and functional neuroimaging metrics, including deficits in white matter identified via cortical thickness (Schultz et al., 2010; Wheeler et al., 2015) , diffusion imaging (Voineskos et al., 2010) , and resting state functional connectivity (Rotarska-Jagiela et al., 2010; Zhou et al., 2007) . The SPINS study adopted a multi-modal data acquisition approach to best characterize these structural and functional neuroimaging metrics and measure how they relate to social cognitive processes.
Multi-center data collection allows for larger sample sizes, enabling discovery-based research (Clementz et al. 2016; Drysdale et al. 2017; Van Essen et al. 2013; Insel et al. 2010; Cannon et al. 2017 ) with more generalizable results (Baker, 2016) . All multi-center studies face challenges with data harmonization and quality control (Brown et al., 2011; Fortin et al., 2017; Glover et al., 2012; Huang et al., 2012; Mirzaalian et al., 2016; Simmons et al., 2011; Wonderlick et al., 2009) . Each of the three sites within the present study had different MRI scanners, but scan acquisition parameters were harmonized as much as possible across sites prior to study initiation to minimize site-based variability, and a phantom-based quality assurance (QA) protocol was developed to track scanner changes over time (Chavez et al., 2018) . We also collected data on a group of individuals, 'travelling human phantoms', who visited all sites annually, to assess the reliability of brain imaging metrics across scanners and time.
